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CATALYST SUITABLE FOR THE PREPARATION .OF HYDROGEN AND 
CARBON MONOXIDE FROM A HYDROCARBONACEOUS FEEDSTOCK 

The present invention relates to a catalyst suitable 
for the preparation of carbon monoxide and/or hydrogen 
from a gaseous or liquid hydrocarbonaceous feedstock, a 
process for the preparation of such a catalyst, and a 
catalytic partial oxidation process using such a 
catalyst . 

The partial oxidation of hydrocarbons, for example 
methane or natural gas, in the presence of a catalyst is 
an attractive route for the preparation of synthesis gas. 
The partial oxidation of a hydrocarbon is an exothermic 
reaction and, in the case in which methane is the r. 
hydrocarbon, proceeds by the following reaction: .. ^ 

2CH4 + 'O2 2C0 + 4H2 ' - 

The optimum catalytic partial oxidation process for 
application on a. commercial scale would give high yields 
-of carbon monoxide ..and .-hydrogen„.a.t ,.e.lB.va.ted.„pre.S5.uxe;s , 

for example -.atep.ut-.v30.\,b^;r^.-. an space velocities,^,-/, for 

; ..^xainp^l^. p/.. th}e. order ^ pf ' 1, O.QO, 000,. Nl/kg/h or .njpr.e For ;■ 
thermodynamic reasons, in order to obtain high yields^ of 
carbon mpn^kxde ind hydrogen under these process"" 
J; conditions, .;;|^i;t i^^. necessary to' ppef^te the partial ; 
oxidatToa'prpces^s at high temg^ratyres . " '"'' ''^^Z^r ■ 

Xhis' idtar^ture contains a ' niambqlr of documen|^^'*| • 
.'disclosing details of experim'^nts cpnducted intpi'^tphe "J* ' 
catalytic oxidation of hydrocarbons-^ in particul^.r 
methane, employing a wide range- 'of -catalysts-. Reference 
"'is made for insfatice to US-A-5v'14 9y 4 64 , WO 92/11199, ^and 
WO 93/G1130'V-*'The 'ma jority 'Gf these experiments^ 'however , 
have been cdnductfed under relatively mild conditions yor 
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■ ■ under conditions ..unsui-ted^ t 

, commerGial- cat,alyti;p partiaL'^ 
. ., - ■ The ltteratu;re, moreoyer',-^^ contains a. num^ 

documenta..xi:tsci;osi;ng, details 
. .5- .. . ■ into tlie Keafeal;:^tic :par,taal.;.oxidatron -of hydrocarbons 
•r .under conditions rrequired.f or conmercU^ .qperatioh to ■ 

■ produce mixtures of carbon monoxid?, ;^pd/;9r ^hydrogen . 
- Jta. EP-;ft-64QS61 ;is,_disclos^ ?=^^^^y^^5 
V:. -■ partial oxidation' process; may^-^b^^^^^ 

IP - conditions'. demancled of ; cpiranercial p,rog|s?.es,. in high \ . 

' -i:: - yieldr:and -.with low , deactivation - by . employing a catal 
- ■ ■ comprising, a: Group: -V;il ,catalytically active metal - 

Jsuppor-ted:- on . a • refractory oxide having^, at least two ■ 

; .;.:.xations.;:sele:cted from Groups, I^^, ,IIA,, IIIA/and IVA . of the . 
iSi - . Periodic- Table or :the_ trans i t io^m 

. ' . VMoJTHOveri,. in EE-A-7 3^154 ;i.s fiisc.J.QS^d^ fjiat, .^^^ . 

T ,: operated: AindeJry th^ cpnditipns. of ^le.\^at^f|. pressure and at 
v: fo ; ■ high temperature: ,as, demanded by a /:omme,rci,al process, the 

-20 ^presence rcf nitrogen, ,yield; :a._s_ynt-he^^ product .. 

:: JJy;cont;aining:,La /number , of ^by-producta,. an ;^articular ammonia ' 
, . t;,:-' (NHj)i. and hydrogen .-cyanide '(.•HCNK,/.in,,lpw b significant . 
;,- amounts.- It has been:; found that ..svach -by^prpducts can 

■ — . '-adversely' ^ 

25- 3 i-; : Carbon rhondxide and/ or- hydrogen, catalytic, 
^ V :-r V pg^tial- dxidation process e .gr- - in::rt,he\ pase of Fischer- 

■ V' ■ .-Tropsch;^ ..'or':of,-the synthesis- of. , methanol . The 
- ■■-■p-resence of by-products,, in:"particular;,^^^ 

^; -hyd-rbgen .cy-anide--, in t:he /products ,of,-.;the. ^-catalytic 

■.3b- ■^■■;- -i^-artial oxidation rprocess is: .thus- undesirable .. In 

. ; EP'-A-7'37-r64 -is :dis.closed that- t he, :.g enervation of- such' by- -. 
products is -significantly ."lower in -,a proce.ss employing a 

- .-^'-^-^ catalyst comprising rho.dium, irddiura^ Qr platinum as 
- .'' catalytieally active;, metal i: . At _sueh,: levels it . is possible 
■■35- • to remove any- undesired -.by-products, ..using known ■ solvent , 
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' absorptiion processes "'and' the Tike Alpha-alumina is 
'"employed as the catalyst supports 

' ' ■"' ■ In WO 96/0'42dO is disclosed a catalytic partial 
" ; oxidation process- which employs a :.Group VIII 
* c^talytically - active -nietal supported .on a zirconia-based 
' -ckfrier, which is found f-o'-have' -a hiigh- , the;rmal-shock 
resistance '■ - . , 

' ■ ^" " Accordingly, 'it will be Apparent' that there are a 

"number' of conditions and circumstances which affect the 
' performance • of a catalytic partial .oxidation reaction, 
arid' that whilst it is possible to optimize in terms of 
individual 'performance^- parameters, there -is some conflict 
between individual optimi-zations, each- directed speci- 
■ -'Tically' to on^' of the above perfi)rmance. parameters , 

whereby it is not- possible to operate^'a .process with ^ 
. **' simuitali^ous optimi'zation -of all:- conditions . 
^ ■ ' nitrogeri' is presentr.in many, natural gas 

te^dstdck's,- and ^the- p^^parati-6n -^^f-^.pure, ^-nitrogen-free 
" ■ ■ oxygen' o'n '•a 'coOTnercial -scale -is^ and 

technically ' difficult . TO6^rdfpre theiprojce-ss must produce 
' "''acc'e^ptably low "'leVels of 'N-cJontainiug .by:-product . -^^ 

■ ''Moreover, the' choice of catilytically active metal, ^^^^ 
■ ■* •- ' reffactdry-^oj?ide and the -like injthe catalyst to be 

■ -'eff-^etiveion-a {commercial scal^. mus^ be .made bearing in 

■ mind--fa-bt(J)'rs-includ^^^ temperature and .pressure 

' ■ resistance" and- thermalrshock- re;sistance--under the extreme 
•■• conditions" t'O' be. -employed in terms . of ^ the . factor s 
^.^/^h:eVeinbef ore- mentioned-... Finally,, the process must produce 
optimum yields and selectivity to desdred products and 
0^- dptimum lifetime, under -such extreme conditions, and 

i-ndeed under varying conditions which ma.y prevail in the 
" "-event of • 'fluctuations . in operation. ^ ; 

' Accbrdifigly; there is a need for a process for the 

- catalytic partial oxidation of hydrocarbons in which 
5' . nitrogen"may:be -presenfduring the partial oxidation 
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' ■ reactions, which'^rna^^ applied on .a ^coiTiine.rcial scale to 
produce a px6duct of carbon mQnoxide;:3rid/:or, hydrogen in - 
: high yield- and selectivity containirig:\a; mirnimum: of 
' components-' such' as armonia- and • hydrog^^^^^ and at . 

;5 , ■ "^ '^'iow or negligible ^catalyst deactivati 

" Surprlisingly/-- it " has 'be^ employing, in 

the" catalytic partial oxidationv process^'.a i.ca.talyst 
1 . \ coit\prislh^'';the ^catalytlcall^ .associated, with', 

" a perf ormance- mbdif yi"ng . cation^^ the ; above .objects, may be 
10 ' ' achi'^veS; in-^admirable'-'mahner, for- a wide, range of ■ ; ■ 
operating' cohditiohs^-'Mo^^ cation- 
^employed may be made for optimization of specific 
performance factors/. ihGl^udi-hg, feedstock' conversion and 
' p'fbdu'ct ' yield, " stability,' coke :formation, top 

15 t'empexature '-control "'arid^^the -li-keiV'-:-. ' " ^v'.. - 

" 'Accordingly ,\- the^'pr-esen4' i a 
' "catalys't' comprising ia^^ active:nmetal selected 

"from^Ru, :Sh^ G.s arid' Ir, 'assoGiate^ one' 
' ■■ 'anorganic metal"-catioh or p'recursor- thereof , wherein the - 
20 ;: ' ihof ganx c':metal''- c precursor.- thereof is present in 

' ■ "fritimate ■association-- s 
'' ""datalytlcally ' adtive metal : ■ ;;. *: ./ ' ' 

' " " - ' ■ The ' inorganic^" metal catioh-vis -^^selected.: f rom 

"Grblips'-liA, lilAi'oilIB, ^-IVA-^and:^'XVB -of:' the Periodic Table 
' 25 'and' the lanthanrdes^^- Idr-^ Ti/ La, Hf, 

*■ ■ "' ""^ Si' and BbT 'bt ' which- -Zf^^i-s;- 'pre fe^^ is. 

■ p'ref erably -ih' the f orm o^f ' its \ oxide. v vv„ ■ ■ ■> - 
" " ' ■'■■The- catalyst 'may be- 'supported on>^a. carrier, for 

example" comprising- -aivrefractory oxide having at least one 
30 - 'cation, or comprising; a .m^etal:, or other', attrition . 

; ^resistant , high ;temperature, resistant --:subat rate or may '. 
- ' -'.."'"be ;unsuppoxted . ■ ^ - ' . . , 

' Reference; herein to intima'te a;ssdciation of the 

\ -r- cation' is • to.,'its ' incorporation . in ; suitable, man^^ on or 
^35"*; with' the , nietalv thereby; modifying the catalytic . 
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' " .per forma.nce properties thereof-. -The optimized activity is 
; : found .tO: be\ substantially indepen;dent of ^ the presence or 

. ;..;'r -.absence: of . a " carrier support, for- the catalyst, 
rf- - Suit3hl7:/therefpre-,-the intima;te a of 

5 ' ' . ' cation .and,'.cata:lytically actiy.e met^l is present at the 
\::r : surf a:ce' of :the catalyst . Preferably , . the catalyst - 

comprises .cat.ipn tp: metal , in an 'atomic ratio in excess of 
: -or .equal tp:..;i.O at, its surf ace-, , more preferably in excess 

• n ; . of or equal tp 2 . 0, • even more preferably, in excess of or 
10 ". .' ;e;qual tO:. 3 ..0 - up tp a maximum ^qnly liml the 
/ ; • ■ constraints of the method for .constructing,' the catalyst, 
e.g. impregna tipn . . .. . ■ ■ ; 

The catalytlcally active metal, is. esse^ntially present 
w: :.::ras. .an. intimate/ aj±^ the metal .cation or layers 

15 ' which resemble; aa -admixture .Essentially present a^^an 
intimate -a:dml^tu;r:e mea^ wt of th^ : 

■ -3,'imetal'- is present as an intimate-.admixture with theMnetal 
-■y : -"cation., .preferably' at fleast 80% wt,' mpre preferably at 

■ rx . . least SOS ':Wl;i^ preferably ,: .-the .admixture^is. present ^ 
;rv^20:,-3 . 'substantiaily as. 'a -single;- layer.. or ..as..,separate clu?£ers... 

- " '(The-: admixture ,may . be. present, throughout ^the catalyst -b'ed 
or may be present ^only in- certain ■ regions of the cataFyst 
bed7--fpr-- e>^ample ;in the- leadip<g., edge ^ of a fixed be:d.- 
rr '^-z- .': • i . ...i.r The .-^•hickness'/of a iayej-.pf metal pation as 
: . -. 25 . . , :herelnhe;f.-ore.;c^ef:ined:..m^^ selegted ;for pptimum effect 

■ l: . : : -andrnvay -:be:; determined, by, measurement of . the selectivity" 
of ' reaction. ,and^*_th^ like. Thickness _ is. conveniently in 
the order .pfj mictpns,, e ,g, 0 . 01 . to 10.0 ^m, especially 
" ■"'O'/'G'S' te -20' }in^>- ^^o^^"' especlally.:0-.. 1 to. 1.0. jim. 
30 ■ - - ■ • ■■■■it i-s, a^- particular 'advantage of ' the. .catalyst ■ of the 
-.• ■' -present - invention -that the nature of.: as sp.clat ion of the 
catalytically aPtive metal and "the metal -cation would 
■ seem to .be at least , partially ■ self -regulating or 

-directing. 'Without being limited to this 'theory it would 
■35' ■ -" seem that a "forrn' of feedstock- conditioning by the- metal 
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-'■ '■ca'tion serves tG^optimize'' catalytic .activity and thereby ; • 

'. igeherate enhancement i^^ per formance>. parameters ; of 

' yield, - selectivity, deactivation ' resistance:--, and low '.by- 
, product /formation simult-a-neously . ' 
5 " The catal^;^tically active metal - is-' selected from/ 

" / ruthenium>- rhodium,- osmium and iridium:, preferably from 
rhodium and iridiumv' -As has . bee-n- discussed* hereinbefore, 
* '^-^ ^ these metals of fer ' the^ ^sig-nif icant- advantage that 
' • substantially lower amounts of -ammonia and:, hydrogen 
10. ' cyanide' are- produced .during ^the" .catalytic partial 

' 'oxidation reaction, compared with th'e other metals from; 
/ Group Vil!E :pf' the "^Periodic Table- of the Elements. 

The catalyst may^ comprise^ -the catalytically active 
■ metal in any suitable amount to* achieve; the required 
15 ^ level of activity .- Typically,- the • catalyst comprises the. 

active metal in -an ^amount; in the^ran'^^ of^-from 0.01 to - 
- ' ' 20% by '^weight prefe'ra-bly; from- 0.-02 to-10% -by weight, ' 
•^■^^nidre' preferably from'. 0;i to-7.^5% ^by -'weight 
' ■ The ca^talyst may -'comprise the ■•metal cation in any 

20 ' ' ^ * sQitablV amdun of . - 

' V ' '"selectivity^ and conversion .and deactivation resistance'. 
' ' ^' '-Typically the catalyst comprises :;the^*:metal cation in . ah . 

amolihfof a£*^ least 0: 5 weight I", for example in the range 
' / i.25'-75\b weight%\ It '^has surprisingly; b'een found that . 
"25 " there is "in f act^- no' upper limat ■^oh-'^f he amount of; metal 

cation which may . be present . Very good.'^re'sults are 
* ' ' obtained' with the unsupported' catalyst^'^'comprising metal 
' '/ . ' Impregnated with cation only. ^ The cation is therefore 

iiiore"pre£erably^present in the*' supported' catalyst in a - 
30' / rah'ge' of -f rbm- 1.-5 -15 . '0^ weight%', • most preferably 5 . 0 to 
15'. 0 weight ! and ^ in the unsupported oatalyst in' a range 
dif 'from 5'0.0-^75.a; weight%. . , - ■ , ■ 

• The catalytically active metal 'may - be supported on a 
" ■ "carrier. Suitable carrier materials are well known in the 
35. art and include the refractory oxides , such as silica,, 
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.-• alumina, titania, zirconia and mixtures - thereof . Mixed 
>..refxaGtory:i oxides, that is refractory . oxides comprising 
■ ; i> at .deast -two .cations may alsp, be .employed as carrier 
materials for the. catalyst . Most- s.uitable refractory 
5.- ■ oxide carriers - are binary oxides of .sirconia and alumina, 
: . -.in particular in (partially) stabilised, form such as ZTA 

- ;.(2ir'Co.nia. toughened alumina.-); or PSZ. (partially stabilised 
" zirconia) , mullite or alumina'-. -Also ipetals or metal 
■ , .aiioys, ■ for example fecralloy-type.. alloys , preferably in 
10 the .form of gauzes,; can be suitably applied as carrier 

material . , ■ • , . . - 

, , A suitable technique for associating. the metal and 
metal cation is impregnation, in the case that the metal 
■ and cation .are .supported on. a carrier as. hereinbefore 
15 defined. Pref erabiy the carrier is impregnated with a.. 

- :s.olution. of a;. compound ,of the catalytically acti.ve metal 
^.^and.a solution of a,salt.;Of the: mental cation, followed by 
drying and, • optionally , .xalcining the resulting material. 
.The solutions- are ■ preferably .combined ..in suitable amoun^t 
20 .-and co-impregnated.... Aiternativ,ely. impregnat>on may be _^ 
sequential,: with the first, stage, imptr^gnat ion, drying 
: • ..and, .optionally, -calcining with the catal^yt ically active 

^, :.; metal. .solution,, and, second, stage impregnation, dry.ing 

r- - ^- and.^- optionally, calcining with...the metal cation solution 
2b ' -.P'r-.a mixture thereof with., the catalytic§lly active metal 
, . .- ■; sp,lutipn.. V . - - ■ _v . V, ^ . . 

, An. alternative suitable technique for associating the 

... metal-.;.. and catipn is solution drying, .in^the event that 
.„:vthe- metal- and cation are unsupported or are to be 
,.30 s-uppprted. in, a separate stage ... Preferably drying is of a 

mixture -of-; solutions -as hereinbefore defined for 
- impregnation purpose. Alternatively drying may be 
^, sequential -with first stage drying and., calcining of 
catalytically active metal sol,.uti.on, followed by 
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dispersing •■the'-metal cation solut'ion or -,a mixture, thereof 
with .the. catalytically active metal soiation and drying,. 

Preferred- techniques Sfor /impregnation .are by dipping, ■ 
.painting,- spraying, .immersing, applying .by .measured 
droplet and' ;the like of -a; suspension .or solution of the' ■ 
modifying' cat'.ion,. with subsequent drying.. in hot air or 
the like and ^calcining, :in::.manner- that- a uniform 
.^impregnation is -achieved ... Preferably,:: impr^ and/or ; 

drying is ;;Carried out in the v absence .of . .distorting : 
gravi<ation>V:meniscus -^dr :capillar,y^ effects., during drying, ; 
which might .provide . an .undesired gradient -or total 
- content of , the: impregnated ca-tion:. For example, the oxide 
' :support may-^be rotated ^or su^ in manner that 

V contact /with -any oth^^jobjects does :not encourage 
;.meniscus; or^/^capillary /ef|eq . - . ' 

v: ; ^Accordingly, :in- a further /aspect of the, invention 
there is provided- a.^process . for the .preparation of a '[ 
catalyst, adapted;; to. catalyze a partial oxidation 
reactlonV'^ the;:icatiaiyst comprising .inorganic, me cation.; 
.in nature :and.- manner; as hereinbefore def ined, / the process 
comprising^prpviding .the^metal cat 

^-catalytically active .metal in solutions adapted for (co) 
impregnation^ or /..(col,, drying, optionally* on-, a- carrier , ■ 
' drying . and> : optionally , - calcining . -;. 
/." ^ ^ In a, further^ aspect., of .^ the^ inyentijDp.J:here is - 
" provided a process -for ., the preparatioa -,pf . carbon monoxide 
::;and/or hydrogen from a hydrocarbonaceous, feedstock, which 
; ^viprocess .comprises . contacting/ a. mixture o:f. .the feedstock 
:and an, oxygen-containing, .gas- with a. .catalyst comprising 
' rnQr.gani;c metal cation in nature ■ and manner as. . 
;/:hereinbef ore defined,- ^at- a temperature ^of; at least 

750 °C,':at' a .pressure of up to . 150 ,bara, ■ ;at a. gas hourly 
space velocity in the. range, of. from 20,000 to . 
, 100, G00',-000 Nl/kg/hr . . / - ' T . 
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"' ' The '^pirocess of the present 'invention may be used to 
prepare ■ carbon monoxide and/'or .hydrog.en from any 
hydrocarbona-ceous ;f eeds'tock. that is gaseous under the- ^ 
conditions; prevaiii.Tig' during the partial oxidation 
"reaction..^ The feedstock may contain compounds that are 
liquid and/b'r compounds tha,t are gaseou-s under standard 
■conditions of temperature and pressu-re, (i.e. at 0 and 
^1 "atm". ).■ 'The' process is particularly suitable for the 
c'onversion' of • me'thane, natural gas, associated gas or 
other" sources of' light hydrocarbons . . In this respect, the 
term "light" hydrocarbons" is -a -reference to hydrocarbons 
•having from 1 to 5 carbon atoms. The process may be 
applied in the conversion of. naturally occurring reserves 
of ' meth.ane which ' contaifi 'a substantial amount of carbon 
. dioxide. The feed ■ 'preferably -comprises methane in "ah 
amount of "at least 5G% -by volume , more preferably a't 
' least '75% by 'voluine /• especially at least 8.0% by voXume . 
'The process is also- particularly- ' suitable "for the 
conversion 'of liquid hydrocarbon f eeidstock-s such as^^^ 
' naphtha'^ feedstocks " boiling-' between " 35^: °C and 150 °G-?^ 

kerosene feedstocks boiling, be'tween :. 150:' 'C and 200 -°C, 
"synthetic gas oil - feedstocks - boiling* between 200 °C"and ■ 
500 '-'=Cv ''In paTticular between- 200. .^C and-.300 °C. 

It is-- pos'sible to -have hydrocarbonaceous material 
-.present'"' In* ther feedstocks to* be used in the process 
• accordang-'to- the present invention which' are gaseous 
- under^ standard conditions of' temperature- .and pressure, 
■■•'tdgeth'er -with material which- are liquid under standard 
coriditions' -O'f • temperature - and pressure. Hydrocarbons 
-which . are" liquid under standard conditions of temperature 
'arid pressure-, typically- contain up to 25 carbon atoms in 
their molecules . 

.The process according to the present Invention can 
also be carried out when the feedstock . contains 
oxygenates .( being , gaseous and/or being liquid under 
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'■ ' ■ ■ • ■■■''^ 

■ ■ ■ .. .■ . . lo;- ■ . ■ : ^ 

■ . • ■ ■ ■ . ^ ■ ■ ' 

.'■ standard , conditioii- o-f -'temperatuW^^ ' 

' Oxygenates-. t:6- be . use'd- as- (par.t'^'of )' the,f eedstock in the; . ; 
^ . proefess ' a-ccording • to- the presenr .invention .; are ■ defined . as- ■ 
. -wo^^ecuies^^-ctihtainlng- apart- from; carb^jn ^ and .hydrogen atoms . 
' \ ■• at ■ least- -1 Wygen .atom which- as':- linked -to .either one or - 
- two carbon- atoms or' to a carbon afom and-- a •.hydrogen atom. ; 
. ■ .. E-xamplis 'of suitable oxygenates- Gompr is e .methanol, .; , 

' •, -ethanol:. . dimethyl - ethe-r-and. .alkanols, aether, . acids and ,. _ 
:^esters- hav^ing W -to.' 25 carbon ^atoms:^ . . .. _ . ■, 

• ■ ■ ■ ■Al-so' mi^ctures of hydrdcaf bons and .ox-ygenates as 

-: def ined , hefeihbef ore^ can --be used 'as f eeds-tpqk in the 
" . process "'according to. -the present invention.- ■. 
-V ■ ■ ■-•■The-hydrocarbonaceous -feedstock- is ■.contacted.- with an. 
-.■ ' Vxygen-corit duri^hg the -partial oxidation 

15 ;• ..- ' ' pt-ocess : --Air may -be' used • as^^the ' Gxygen^.Gontaining.-: gas. in .- 
■ ^'"Which -case- nitto^en -wi 

■^:'£eaSti6n -rtiixtureS quantities^.;.: Alternatively , 

V ■ ' ■ ' siibstantiilly pure 'oxygen:. ^r oxygen-enriched air may be 

2-0-- ' -. ■ Pre.f drably >. '^ the'.€eed.-cemprise-s:' the." h-ydrocarbonaceous 

^ - - . f feedstock and 

- ' v-^tartoon- -ratio in =the range- of^ frbrnv-O'^ 3. tb. 0...8, preferably 
" fro^n 0\ Ab to' -O-.?^.- ■References ■ tb^-the-'-bxygen-^ 

" ■ fstio rdfer tb^ tWe:-'£at-i-o °^ ■ 

■2^ "y - • -kylecuies -lO^r-'to: carbon a^ 
•■■ • ■ 'feedstock.-. Oxyg^^^^^^ ratios •o-f-; the. stoichiometric 

•■■■'■■xario;--0.5-/;that' is --in the-rangW; -of- -f rdm --Q . 4-5 to 0,65,- 

are pafticul'ari-y.'suitatle. ' ' 
- -If --oxygena'te feedstocks-are used; ve.g; methanol, ^ 

^Wgen-.to-carbon" ratios, below O . 3- can suitably b'e- used. - - 
-"'The 'feed may . optionally comprise'- steam, If steam- is 
present'- in the 'feed, the • s team- to-carbon • ratio (that is 
■the --ratio of molecules, of steam (H2O.) to-carbon atoms. in 


30 
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..the hydrocarbon) is preferably i^n the, range of from above 
:.0..0.to 3.0, more preferably from, above. 0 . 0 to 2.0. 
■ ' • The process- .o£ the; present invention is operated at 

elevated pres.sures,-. that- is pressures significantly above 
5. . atmo:spheric. pressure. The process is typically operated 
at pressures- in the range of _ .up. to 15.0 bara.. Preferably, 
.: .the .operating^ pressure is ia the range, ,pf. from 2 to 

■ 1'25/bara, more^ preferably from. 5 to 100 bara. 

The proceiss- may ^be operated at any suitable 
10 ' temperature. Under the preferred, conditions of high 

pressure prevailing, in- the process,, the f.eed gases are 
typically . allowed .to contact the catalyst at elevated 
• temperatures in, order ".to , achieve the level of conversion 
required for- a 'commercial scale operation. Accordingly, 
15: ■ .^the -process is 'typically operated . at a temperature of at 
' ;: :;/aeast .7 50 °C.- Preferably.,- the operating temperature is.vin 
, • .: - -the ..range, of from 800, to. 1300 °C, ..more .preferably in the 
/; n •: range of - from ,900 to< 1200- °C. Temperatures in the range 
of from 1000 to 1200 °C are particularly^suitable with,.. 
2,0,-::. :s.ubstantial-ly p.ure oxygen or .in the,,r^nge of from. 800,^° C 
- „■ .> • to - 1000- °C with air. Reference herein . t.o.. temperature is. 

to the: temperature of the gas. leaving the catalyst. 
... , . . . ... ■ ..-The-.. feed- mixture is- typically provid^ed. during the 

■. r .:; .(::atalytic^,pa,rtiaa oxidation process, at gas space 
\.Z5'-.: ..rLvelocritiesr.. .(expressed, .as normal litres _ji..e. litres- at 

■ ^.,.0 °C,.-and 1 . atm. ) . of., gas per kilogram pf catalyst per 
--hour), in the. range of. from 20, 000 to 100., 000,000 Nl/kg/h, 

preferably in the range of. from 50,000 to. 
• • ^ ,■■ 50,.0,.00,\0.00 Nl/kg/h. Space velocities .in the range. of from 
.^.3.0 . :-.-500, 000 , to. 30, 000, 000 Nl/kg/h are particularly suitable. 
: '-.'The gaseous mixture of the hydrocarbonaceous 

,.feedstock and t.he oxygen-containing gas is preferably 
- contacted with the catalyst ' under adiabatic conditions. 
For the purposes of this specification, the term 
35 "adiabatic" is a reference to^ reaction conditions in 
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■ whrch ' substantian^^ all ■■heat loss/^and -raaia^tion from' the 
- . reaction zotie " i's prevented,-: wi^t^h the ^exception of heat 
/ ' , leaVing in the gaseous -ef f lueri^^^ the ^reactor 

•-^Any suitable reaction -regimeMnay^be/applied in/ the / 
5 process of the -present invention in ^order- to contact the . 

reactants .'with the catalyst One s^^^^^ is a . , 

fluidized bed, - inrwhich .the catalystr.is employed in the 
■ ; ^ ^fofm'^of paxticlesv. f luidiz^ed .byr a stream Pf jas . A.; ^ 

^pref erred^^react ion . regime-: for/'US.^ i-n-: the p is a , . 

1^0 - / ■ fixed- bed-=^ reaction.; regime,; in .w^hich^^^^^^^^ is 

retained - within, a: reactic^^^ in a ^fixed . arrangement . 

■particles^^of. cataIyst.;may;be. employed in the fixed lSed 
^ ^regime, - retained using fixed .bed ;.ir.eaction . t-echniques well 
* known in: the- art .■^Alternat:iA^eiy,;^• the fixed arrangement 
-15 - . may-eomprise- the- cat:alyst in- ;t he: form 'of a monolithic / 

- ■ ' str-uctur^ ^ pref erred mpnolithip str^^cture 

■'^-^ ' • comprises -a: ceriamie. f oarri,- :S\iitable. ce-r^^ for use . ; 

- -* V in. 'the ^pro'ces^s are;vavaiiabie comrnercia:^ . . , 

alternative 'forms for the :cat;alyst . inclMd^. refractory ^^^^^ 
20 ' oxide honeycomb monolith, ..S;tr~uctures ; or,, met,^ . . 

^structures-.- : \ ry-\i .--^.V" 

K : A mixture .of carbon monoxide and ; hydrogen prepared by 
..-^,.^th■e-piQGess- of vthis. inventi particularly suitable. ; 

-^for 'use in- the- synthesis;. ofr,hydrpcarbo^ 
25 ■ means of the Fisher-Tropsch synthe.sis r,:^^^^^^ synthesis 
^ ■-: ^^Gf -oxygenates,.: for. ^example for the^ 

, conversion- of the .mixture of, carbpi} monoxide and hydrogen 
iritb such'- products' are . well - known -in.^the ■ ;^rt . 
v^ v;::v::- .Hydrogen. :or a mixture - .with-^ other gases, prepared by 
. ^'3'0 - ^ the- process: of ^ this, invention, may^.be^ , particularly, f ' . 

■ ^ siaitable: for .use .?as -a', combustible fuei ^either, directly or 

indirectly. ■ : - ;^ . : ^ ' / i : 

; - ; ■ . The- process of-;,this invention .could very . suitably be 

* used to ^provide the hydrogen f eed ; for ^a ; fuel cell.. In 

35. .f uel cells, hydrogen and oxygen are passed over the fuel 
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. -..-cell in order, to produce electri.ci.ty and' water . Fuel cell 
technology .iSvWeii known in the, .art. 
. • v: ; : •; ^ :The:- present: ^invention .is ■ fur.ther described by way of 
: : the;, following. -illustrative examples. . , 

5 ■ . Example 1 . • . ■ • , ■ . . 

,. :r ■■ . j Catalyst .. Preparation - not according -to .the invention 
' ■• '16G0 pp-.cm~'2 (pores .per. cm2'), ceramic foam was cut to 
' -size to' fit into the.- reactor- or. was crushed and sieved to 
30/80 mesh particles before placing* in an oven at 120 °C 
10" over night. Foam (particles) was; weighed and the amount 

-of rhodium or- iridium chloride solution. needed to give a 
■ '5'wt%' rhodium or iridium loading' was.^. calculated . The 
■ - solution- was added to the. foam (particles) ^to impregnate 

' ■ them ih three-, step's' and' the foam (partici.esj were dried 

15' in an oven at" 140 °C in be.tween each impregnation .. . Thisi: 

wa's repeated -until- all the necessary 'amount of solution 
• - ■ was added.. After this -the loam' (parliici.es ) ; were dried and 

* ■-•'calcined in" air -as:- f.oll^^^^ .hours at. 120 °C, 
' • temperature -raised to :7:00 °C with 80;,:°C/hpur., 4 hours at. 
20 • ..' ■ 700 -°C arid c oo i^ down' to -120. °,C .: * ■ 

' The resulting catalysts comprised .5.0. weight% of 
■ - iridium''or rhodium* on PSZ • (partialiy^-stabilised .t^^- 

- -zirconia) ZTA ■-.( zirconia-rtoughen^d^-.-aluminaO.-, alumina or 
-'I :;-;;. . ' ' muliit^ ■■ foam-: The results are given in^Tabl-e 1. 
■■--25-'' ■■ -- Example- 2 ^: 'V- ; 

--^ ■ Ca ta 1 y s t Pre p a r a t i o n " : - : a c c o r d i ng tPvthe. invention 
':;/ ■-; .-p^^ procedure of Example- 1 was followed with the, 

• exception that the impregnating solution r was modified by 
a'ddit'ioh -of a solution- of a salt of -an inorganic . cation 
30 calculated to give" a 5. weight! loading, of the inorganic 

• ' ' ' - cations^ SolU'-tions were selected fro.m zirconyi nitrate, 

Mg- nitrate, Al nitrate, and their mixtures^. . 
" ' • - : -The resulting catalysts comprised 5.0% by weight 

-iridium or rhodium and 5%' by weight of captions of Zr, Mg, 
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Al/ or Mg-Al-,. :do:- impregnated on 1,600 ppcm"2 PSZ/ ZTA, 
I alumina;'^c5i"inullit^e^^ are/'given in 

"'■■:Table 2.. -T^'^^ -.^.^--^ . . 

; r . i Example 3 ' . . , :: / ' j , ' . ' ' 

"'F "c a t a I'ys t 'P f e p ' ; _ ■ according " torrlTfe .^ 

-oF T^F'f^ or^ExampXe";^! with the ' 

■V:':addi'0:Gnar'"st;a^ 

soiutix)n^- of *^a"- saTt" ^o-f-'an: ^inorganrc- _ 
' ;Tcal ciiXaT e cl" ~tcr:-g i ve^^'a -5 - w el^f h t;V*db o-a-di-Hg • -o f h e i n o r g a n i c 
"^-::me't*a^ "c at rorrr ;T h e - s econd-'~-imp^e gna t i on • -w-as- -g a r r i ed out 


■ ' ~ ^"s-j-n-g/""t'h-e"same -procedt^^ first 

— — • :--impregTi-ation-/--^ (particles ) 

^ were calcined,. using the procedure' of Example 1. 

. . :^The res-ui-ti-H^^^^ -0^ '^t>y- weight Ir ■ 

....^5:.™,, -.,:-..or 'Pih" and~5-%--by-weightL of-^-catlonsl-Of.. -Zr ,_s§quentiall.y 

: .''^l;--^.:/.-.-:- i-mpr-egna^^^ .^-V 

. . . . .. . 

/ Example 4 ' ; ' ' . 

- L - ■ . . Ca^al-ys t Pr^pix^a :t;ijQn ... - . . a c c ox din g..^ to,, t h e j- n ve n t i on 

IZza .. Jhe.rimpregLn^^ prepared ^ 

catalyst comprised 12 wt% Ir and 63 wt% Zr cations co- 
dried as a powder. The results are~§iVeH-~i^n Table A.- 


table "T 


Catalyst 

Foam 

Group- VIII - Metal 

' Metal Cation 

la 

y-PS2 ■ 

' :■■ • "ix ' 


lb . 

' Alumina 

Ir 


lo 

Y-PSZ 

Rh ' 


■ .Id ■ 

Ce-ZTA 

. ... . .... ... ... . 


le. 

ZTA 

Ir 


1 ■ If 

Zr-mullite 
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Table ,2. 


Catalyst 


Group VJIi .Metal 

Metal Cation 

2a- 

Y-PSZ 

Ir 

.Zr co-iinpreg 

2b 

Y-PSZ 

■ Ir 

iMg co-impreg 

2c- 

Y-FSZ 

- ' ' 'It- • ' ■' ■ ' 

' Al co-impreg 

2d 

■- ■ V _!. O C ' '7 " ^ 

- i-P ' ■ 

riy/ix CO uupzreg 

*^'2e " 

/■^Y-PS2 

' ' - -RH* "- ■ 

■'' :-Zr co-impreg 

" 2f 

Alumina 

■■"•^Ir - ' ' 

Zr co-impreg 

. 2q' ' 

■ "Ce-ZTA 

'■••ar 

~ • Zr co-impreg 

2h ■ ■ 

' ZTA 

' - ' Ir ' 

"Zr co-impreg 

21 

"mullite 

- - ■ Ir ■ 

■ Zr co-impreg 


Table 3 


Catalyst 

Foam 

■"Group" VIII Metal 

Metal Cation . 

3a 

Alumina 

Ir 

Zr seq. impreg 

3b 

Y-PSZ 

Ir 

Zf seq. impreg 


Table 4 


Catalyst.. 

Foam 

Group"'VIir'Metar 

- '^M^etal Cation 

: -4a . 


Ir (12 wt %) 

Zr (65 wt%) co-dried 


Example.- 5 ... . ; 

Catalytic Partial Oxidation 

A reactor was,, constructed comprising a transparent 

-^a pphi-?: ez^ r^-zme-t-a i- rt-u be v-^-h-e- -mo d i f i e d-, ca talyst prepared as 
-4i«-fe~inbef0re--de-S€ribecl-"-was. loaded. .in tc.t he. tube and 
• -reta-i-ne-d-i^-the. ..f orm-of : a. .fixed., he.d qf ..catalyst . Methane 
--and--ai-r--ox..oxygenreDriched_.aij...,i,Q2 •-^-2-.--^ v/v) in 

•-sti-f-fi:-ciefrt:.:.-amGunt-s to gi-ve an -oxygen-to-caxbon ratio in 
- t-+i-e-ra-nge--of- -f-r-om- 0 .-4 9- -to-- 64., were., thoroughl y mixed 

-j-H-s-t--4?:efore---bei"n.g...in.txodujced into,„.J:h.e re.actor to contact 
^^-^t-h^ -fixed bed. of. ca.talys.t. .The. mixture .of ^methane and air 

or oxygen-enriched air was fed to the reactor at a 

pressure of 11 bara and at a gas hourly space velocity 
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■ • . . , . ' , ■ ■ ■ . . /' 

' ■• ■ ' ■ ' /" ■ ■ 

(GHSV) in the ;range. of .from 2, 500^000 to ■ 

- ■ 3, 600/000 ^Nl/kg/h. ' :^ • ' - - 

The composition of .the gas mixture /iea'.ving the 
reactor w.as -determinecl ;by, \gas chromatography and weighing 
water condensed from the gas stream'-leaving . the reactor. 
; , rin Tables -5, to .9 are. ..given .the.- results' as XCH4; .. 

^. (% imefhane . conversion). , .-sGQ, ,a;Qd , SH2 ,:_ts.eleGtivity to CO 

^ ■-. andv-H^ ^ ■ ■ - ■ ■ '{ ' ' '.r^ ' - " ,^ ^-^ - : " ' , ' . ^ 

- : r ■ ^ / - - . - Table 5 • ^ : • - . ; ' - \ 

— Enriched-air CPO: Performance,„of , Ir/Y-PSZ . with metal. 
,,;.'':catipn jGHSV- is 3, 300> OOO..Nl/kg/h; O2 : C is 0.55.)' 


Catalyst, 

XCH4 

SCO . 

. sH2 

NH3 make 


0 

0,,- . 

. • '.-0 
- 0 

ppmv 

■ la ; - . ; ^ ■'/'■'r: ■ - 

" ' .88' ■ 

•. -95 ■ 

-.88.:; . 

0.5 

.-2 a -'"V - ■ ■ ■ 

- 91 -- 

' - .95 - ■ 

. 90 ■ .■ 

0.5 

2 b • ' ■ ' '- ■ ■ 

• 92" ■ 

$5 : 

- . 9.1;,-, . 

0.8 

2c- : .' ■ ' - . ; 

■ --92- . 

■ .95 

- 91 - . 

1.1 

2d- . • ■ . 

92 .-. 

95 . 

• -93 

1.0 






Thermo^ 

93 

95 

93 

230 


Performance at. thermodynamic,, equilibrium 


^ . ' ' Table 6 ' ; 

.,EBr i.c:b.edr a i r r_CPQ :,^:LE^^^^^ ^of_ modi fie Y- PS Z :( GH S V - i s 

._.X,j_QQ;^.MO:;;ji]j/.^^ _yZ-/ 


-Ga-t-a-i-y-st--.;--- 

~..xCli4-'.-. 

. 

-...sCO-.- 
% 

:. sR-2- - 

N.H.3 .;ma.k.e..... 

..ppmy .. 

, Deact.b 
%/24 hour. 

■ la-;. ..... ■ 

• 98 , . 

9.5. 

. ,., §8 „ . 

•1...6. : 

•; 3 . 

2a.,- 

..9.9 .. 

/ 95 

. •8 8 • 

, - 2,1 

0.5 

Thermq 

.99.7 

.95 . 

89 . 




--Decl'ine .:in .XCH4 per :24.h . ; 
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10 


T5' 


\ ■ ■ ■ 

The resuTts presented in Table 5 and 6 indicate that 
:lthe- .modifiers have a beneficial influence on the CH4 
'conversion. The important parameters of. the catalyst 
' performance are: a high CH4 conversion', a ,low NH3 make 
"arid a~ high stability. The stability • is expressed as the • 
" decrease in'CH4 conversion ■ as -function of time. The 
zirconia modifier appeared to be most b.eneficial: the CH4 
conversion of this catalyst was the highest while at the 
same time the NH3 make was not much , increased . This 
catalyst was' tested 'for its. stability '-and it- appeared 
higher than the stability ' of "the -catalyst -without 
modifier . ' ^ -• ' . : \ :. . ■ 

The nature of the Ir/Zr combination was.' investigated 
— -testiriTg the 'pe;rfi?rmnce --of • th^^^ in— 
'"rab~sehce of a "support"' Th-e:--r^sul--t- Is ■ summarised in — 
^'•"Table "7. "Trem the table It -i'S -concluded tha;t the Ir/Zr^ • 
pha-se Ts -indeed very- active ai^d- st-a-bie- -in -the CPO • 
Teaction': - - - " ' - — - 


. .Table-I. 


..„£ririt:hjgd-air-CPOj. , P^^ Ir /Zrj (GHSV 

'4s' 2; 5t)t)v'000-Niykg/h'^ O2 :C is' 0\ 63 j •■ ' 


20 


Catalyst 

XCH4 

% " 

SCO 

% 

sH2 

% ■ 

Deact. 
%/24 hour 

4 a 

■99 

95 ; 

89^ 

0.2 

. Thexmo ... 



90._, 



■ The-_Zr modification of CPO ^ catalysts is. not only 
beneficial for' the Y-PSZ_ supported catalysts. An even 
stronger effect is observed' with an alumina support. The 
ar/alumina catalyst was ' not active in'- the- enriched-air- 
CPO experiment, while ithe' Z'r-modi-fied 'Ir /alumina showed 
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an\excellenf perf brmance A high and stable CH4 


conversion was measured (see Za'bie-8)'. 

■ ■■ . \ ■ • - - ■ ..." / ■ - ■ . 


' _ ' ' - /J/"- \ Table 8 ' ' ,\ : . 

Enriched-air-CPO: Performance of I r /alumina ;{ alumina: 
D7tech^"Poral~2 0y Mr/kg/ti,;; : C is 0. 63). 


'Catalyst ■ ' . 

XCH4 

SCO 

SH2..:: 
-....._._.._,„, 

Deact . 
%/24 hour 

lb- ; . ■ " 

No reaction ,■ . v. 



99 

■ 95 . 

. 88: V. 

0.6 : ■ . 


,9'9 

. 9.5 ■ -• 

i ..: 8 9- .: , 

■, 1.8 . 

Th'ermiD ' . • ■ 

9S.4 

.95 . 

90.:.. 



^' • ' Of interest are . the air-CPO experiments . It appeared 
' thdt -also under • these conditions the ',Zr moHification . 
5 . ^ shows its benefits;;/ Catalysts have been pre^ with 
I differihg- active' phases and different 'sup'po the 
results show an improved perf ormance""o,;f* mast systems- when 
, .. the Zr modification is applied (see Table 9) . Zr-modified 
catalysts show a higher CH4 conversion, whilst the NH3 

10 make is .not much increased'. 

In Table 9, la/ and Ic - If represent catalysts not 
according to the invention, - given for comparative; purpose 
with, corresponding catalysts according .to the invention . 
^ - In the process using catalyst 3b, prepared by 
lb impregnating a- solution of zirconia on Ir/Y-PSZ,. the 

'presence of zirconia Improves the performance of the 
catalyst, without changing the Ir' dispersion . However , 
' ; the catalyst prepared in this .way is not as good as the 

catalyst in. which, the Ir and Zr. are mixed in the 
20 impregnation, solution. 
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: ^'-^ ■ : Tabl-e 9 . . 

Air-CPO: .Effe\t of Zr on different ...supports {GHSV is 
3,400,000 Nl/kg'Ah; , 02:C is 0.49) 



Catalyst 

XCH4 

%. • 

SCO 

. . % . 

sH2 
% 


Ic- (comp) 

' 64 

88 

7 9 : 



75 . 

90.,-. 

' : 8B"" 


la (coipp) ■ . 

i 

65 

; 88 

80 


2a • . : : : . 

ir~ 


: .88:-; 


3b- ■ 

:"'6:8 

" 8 8-- - 

.... g.Q..... 


ld.v':( compF'^"^ " ^5 

63 ■ ~ 

87 

79- 



75" ■ " 

90 - ■ 

-7-8;8:: 


le (comp) 

"6*0 ' 

85- ■-' 
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.1. A catalyst comprising a catalytically active metal,: 
. '^selected from'Ru,' Rh,^6s and Ir, associated with at least 
; one. inorganic metal cation or precursor thereof, wherein 
the inorganic metal cation * or precursor thereof is 
.present. in intimate association supported ■ .op or. with the 
catalytically: active met^L. ; . 

2 . ' -.A .catalyst .according to claim 1, wherein, the at least 
" " Jbne .inorganic: metal cation is selected- from Groups- IIA,. 
. IIIA, IIIB, . IVA, IVB. and the. LantHanides ' of the .Periodic 
Table of the ElementsV:p2:eferabl ;from:Al, Mg, 2r, Ti,;. 

\ La, , Hf /Si and; Ba/ ' V - ■ ; / ^ . \[ , ^ . 

, ' 3 / A/catalyst "accorl^ or ' 2 , ^ wherein the : . 

■ catalyst '.is' supports an attrition resistant,, high- 

temperature/resista 
1.5. ■ . , comprisihg a metal or a refractory oxide. - J 

/4, . A catalyst accarding '.to any of claims 1 to 3, wherein 
. the„ at least one' inorganic metal cation is present as an 
" * intimate' -admixture ^with 'tlie catalytically active metal or 
as, layers which resemble an intimate admixture. 
2o' • 5. A catalyst according to any of claims-. 1 to 4, wherein 
the/intimate admixture i:^ ;pxe|ent at: the- surface of the 
. catalyst, .preferably with . an atomic' ratio of cation to , 
catalytically; active metal in excess of or equal to 1.0 ' 
at the surface, more preferably of 2.0, most ■ preferably 

25 . ■ of 3.0. ■ ' \ ; 

,6. . A catalyst according to any preceding claim, wherein 
the metal cation is present in- an . amount of at .least 
0.25% by weight based on the total weight of the 
catalyst, more preferably of at least 0.5%,, most ■ 

30 preferably of .1 , 25 to. 15%. . 
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7. A process for the preparation of a catalyst according 
to any of claim 1 'to 6, the process comprising providing 
the metal cation and the catalytically active metal in 
solutions adapted for (co) impregnation or (co) drying, 

5 ■ - 'optionally on an attrition resistant high temperature 
resistant carrier, drying and 'optionally calcining. 

8. A process for the preparation" of carbon monoxide 
and/or hydrogen from a hydrocarboriaceous feedstock, which 
process comprises contacting'a mixture of the feedstock 

10. and an oxygen-containing gas with a catalyst according to 

any of claims 1 to 6, at a temperature of at least 
750 °C, preferably in . the' range of from 800 to 1300 °C, • 
more preferably of from 900 to' 1200' °C, ^t a pressure of 
' . up to 150 bara,* preferably in the range of from 2 to 
15 125 bara, more preferably of from 5 to "^100 bara, at a gas 

hourly space velocity in the range of from'20,000 to 
.100, 000, 000 Nl/'kg/h, preferably from' 50", 000' to , 
50, 000, 000 . Nl/kg/h,' more preferably from 500, 000 to 
" 30, 000, 000 Nl/kg/h/ ' ' ' * " " ' 

20 9. A process according to' claim 8 ; wherein the mixture . 

has an oxygen-to-carbon ratio in the" range "of from 0.3 to, 
^0.8,' preferably of from' 0.45 to' 0.'75 

id. A process according "to claim 8 or' 9/ wherein the feed 
. is contacted with 'the" catalyst under substantially' ■ 
•25 adiabatic conditions. [ ^ ' ' 


BNSDOCID: <W0.. 9937580A1 J..> 


iNTERfirATIONAL SE'AiarE! REP^^R^^ 



PCT/EP lKo324 


A, CLASSIFICATION OF SUBJECT MATTER 

IPC 6 -• C01B3/40 


According to miemationat Patent Olassilicatton <IPG1 or to bom naii(mal clas&)1icauon^r>d-jPG — ry - • 


B. ^FIELDS SEARCHED 


Mihtmum documental ton searched (dassilicatiiin system toHowed tjy classiti cat ton symbols) 

IPC^6^-vG01B 


(-■■■ Mj 


Documentation searched other than minimum documentation to the extent that such documents are included in the lields searched 


E jectronjc data base consulted during the. inter/iatibnal search {name ot data base and: where practical, search terms used) 


C/DdcUM6NTS CdNSl'b'ERED TO BE RHCEVANT ; 


Category I 


• Citation ot document, with indication, where appropriate, of the relevant passages 


'Relevant to claim No. 


Ai 


A : 

r-c; 


EP 0 .741. l1D7i A- ( FOUNDATION FOR RESEARCH 
AND TE ;'.VER^^K;IOS XENOBHON (GR); 
BOUGOUA/AL-AV-e- November- -1-9-96- - -r - - - 
see page". 4:,:;W:n"e: 37 -^.'ipage 5, Tvne ..W .f . 

EP 0 640 KiVAiksHELL-pINT RESEARCH) 
1 March il99S.-foav. Ab' 
see exampV.e^Z'e.-,:': -i; 

EP 0 548 SB^^cCIDEMlfeu KOSAN CO) 
30 0une.U9930rc c-;'. 
see cla.imsiHS;. ' . ' 

--W0-96 -042te'-fSHEL-L --INT --RESEARCH- vSHELL- 
CANADA LTD (CA)) 15 February 1996 
cited in the appTi cation 
see example 1 , • 


□ 


Further documerits are listed in the continuation ot box C. 


Patent family members are listed in annex 


* Special categories of cited documents : 

"A" document defining the general slate ot the art which is not 

considered to be ot particular relevance 
"E" earlier document but published on or after the international 
' filing date , 

"L" document which may throw doubts on priority claim(s} or . 
which IS cited to establish the publication date ot another 
citation or oiher special reason (as specrtied) 

"O" document reternng to an oral disclosure, use. exhibition or 
. other means 

"P" document published prior to ihe international filing date but 
later than the pnority date claimed 


T" later document published after the international filing date ' 
or prionly date and not in conflict with the. application but 
cited lo understand the principle or theory underlying the. 
invention 

"X" document of particular relevance: the claimed invention ! 
cannot be considered novel or cannot be considered to * 
involve an invenitve step when the document ts taken alone 

"Y" document ot particular relevance; the claimed invention * - 
cannol be considered to involve an inventive step when the , 
document is combined with one or more other such docu- ^ . 
ments. such combtnaiion being obvious to a person skilled ; 
in the an. 

"&" document member of the same patent family . , , 


Date ot the actual completion of ihe iniemational search 


1 July 1999 


Date 01 nriailing of the international search repon- 


12/07/1999 


Name and mailing address of the ISA 

European Patent Office. P.B. 581 8 Patenllaan 2 
NL • 2280 HV Riiswiik 
Tel.,(-t-31-70) 340-2040. Tx, 31 651 epo nl. 
Fax: (+31-70) 340-3016 ' 


Authorized officer 


Clement; J-P 


Form PCT/lSA/210 (second sneei) (July 1992) 


BNSDOCID: <WO ^9937580A1 


Information on patent family memt>ers 


lAtern ■ lal Application No 

PCT/EP 99/00324 


Pateni document 
cited in search report 


Publication 
date 


EP 0741107 
?p'06405'6l" 


06-11-1996 
OI-O3-T995' 



Patent family' " 

Publication . 


member(s) 

dale 

GR 

l.\J\J U / 1" U 

10-06-1997 

"at 

173233 T 

- • --15^11-1:998 

""AO ' 


V / .I5-08:T^96 

AU 

7032894 A 

09-03-1995 

RR 

UI\ 


X X VI X «/ *■/ 

fA 


25-02-1995 

CM 

v.* 11 


' ■ * 09-08-'1995 

OF 


17-12-1998 


604-14404 -."L.™ 

^-.._._2-0--45^1&99' 

■JP' 

" 73096til A 

28-11- 1995! 

NO 

943107 A 

-27-02-1995 

NZ 

264173 A 

26-09-1995' 

SG 

47038 A 

20-03-1998' 

ZA 

9406353 A 

22-03-1995 


IP '0548679 '"A "30-0'6-19,$3" 


~Aa: 

AU 

"CA" 
JP" 

m 


3002092 A 
T085"3T5 T' 
5'22"16iy2 A 
24539^4:' A 


WO 9604200 


15-02-:l996 


. us- 
m 

BR 
CA 
-Ef 

NO 
NZ 
-ZA 


■ 5639401- A-' ..: 

593245 B 
ir ^3,256695 A ;--.: 
9508457; 'A ; : 
2196433■,A■i' 
0773906 A 
iil0503462 Ti: 
970399. A. 
291r436.'Ar.! 
9506360 A . 


■•03-1)8=^1995 
01-07-1993 

' 31-08-1993 
. 28-03-1995 

: 17-06-1997 S.- 

25- 06-19987? 
\ 04-03-1996 

04^11-1997 J 
15-02-1996.: 
21-05-1997 
. 31-03-1998 
30-01-1997 

26- 08-1997 . 
ll-03-199fe.r 


Form PCT/ISA/2lCHpaieni family annex} (July 1992) 

BNSDOCID: <W0 9937560A1.I_> 



